This study investigates the effect of the 2004 US shopping cart safety standard on shopping-cart-related injuries among children younger than 15 years of age by retrospectively analyzing data from the National Electronic Injury Surveillance System. An estimated 530 494 children younger than 15 years were treated in US emergency departments for shopping-cart-related injuries from 1990 to 2011, averaging 24 113 children annually. The most commonly injured body region was the head (78.1%). The annual concussion/closed head injury rate per 10 000 children increased significantly (P < .001) by 213.3% from 0.64 in 1990 to 2.02 in 2011. Although a shopping cart safety standard was implemented in the United States in 2004, the overall number and rate of injuries associated with shopping carts have not decreased. In fact, the number and rate of concussions/closed head injuries have continued to climb. Increased prevention efforts are needed to address these injuries among children.
Introduction
Shopping carts are an important source of injury among children, especially those younger than 5 years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] An estimated 24,200 children younger than 15 years were treated in US hospital emergency departments (EDs) in 2005 for cart-related injuries, 4% required hospital admission, and fractures were the most common diagnosis leading to hospitalization. 12, 13 The most common body region affected was the head and neck, composing 74% of injuries among children younger than 15 years. 12, 13 Deaths have been reported from falls from shopping carts and cart tip overs. 14, 15 While the epidemiological characteristics of shopping-cart-related injuries have been described among children younger than 15 years from 1990 to 1992 7 and among children younger than 5 years from 2003 to 2008, 6 a comprehensive investigation of shopping-cartrelated injuries sustained by children younger than 15 years during the past 2 decades is lacking. An evaluation of the effect of the 2004 voluntary shopping cart safety standard developed by the American Society for Testing and Materials (ASTM) International on pediatric injuries associated with shopping carts is also needed. This study seeks to fill this gap in our understanding of this child injury problem.
Methods

Data Source
The US Consumer Product Safety Commission (CPSC) maintains the National Electronic Injury Surveillance System (NEISS) to monitor injuries associated with consumer products and sports and recreational activities treated in US hospital EDs. The NEISS is a stratified probability sample of approximately 100 hospitals from among the more than 5000 hospitals throughout the United States and its territories that have a 24-hour ED with at least 6 beds. 16 Trained NEISS coders in participating hospitals review injured patients' ED medical records to extract and to record data for each injury, including age, gender, diagnosis, body region injured, disposition from the ED, product(s) involved, and a brief narrative describing the injury event.
Case Selection Criteria
Data were obtained from the CPSC for 17 052 actual reported cases among children younger than 15 years of age that involved grocery or shopping carts (NEISS product code 1679) from January 1, 1990, through December 31, 2011. 17 The narratives of all cases were reviewed to verify that injuries were related to shopping carts. Cases were excluded if the children sustained injury from items falling onto them while in the cart, sustained injury as a result of a preexisting medical condition, were stung by an insect in the cart, sustained injury associated with a non-grocery/shopping cart, such as a laundry cart, or if the narrative indicated that there was no apparent injury. A total of 16 939 shoppingcart-related injuries met the criteria for inclusion in this study.
Variables
Patients were categorized into 2 age groups: (1) young children (0-4 years) and (2) older children (5-14 years) . The mechanism of injury variable was created from information included in case narratives and included the categories of (1) falls out of the shopping cart, (2) cart tip overs, (3) patient body part caught in cart (entrapment), (4) being struck/run over by a cart, (5) running into/falling over cart, and (6) other. If multiple mechanisms of injury were described in the narrative, such as a tip over and a fall, the first mechanism to occur in a sequence was coded. For example, if the cart tipped over, causing the child to fall to the floor, cart tip over was selected as the injury mechanism. Body regions were grouped as (1) head (NEISS categories of head, neck, face, eyeball, mouth, and ear), (2) upper extremity (shoulder, upper arm, elbow, lower arm, wrist, hand, finger), (3) lower extremity (upper leg, knee, lower leg, ankle, foot, and toe), (4) trunk (upper trunk, lower trunk, and pubic region), and (5) other (25% to 50% of body, all of body, and other). NEISS diagnoses were categorized as (1) concussions/closed head injuries (CHIs; NEISS categories of concussions and internal organ injuries to the head region), (2) lacerations (lacerations, amputations, punctures, and nondental avulsions), (3) soft-tissue injuries (contusions/abrasions, crushing injuries, hematomas, and strains/sprains), (4) fractures, and (5) other injuries (burns, dislocations, foreign-body injuries, dental injuries/avulsions, anoxia, hemorrhage, and other injuries). Disposition from the ED was grouped as (1) released (treated and released, examined and released without treatment), (2) admission (treated and transferred to another hospital, treated and transferred for hospitalization, treated and admitted for hospitalization within the same facility, and held for < 24 hours in observation unit), and (3) left against medical advice (AMA). Location of injury was categorized as (1) store (NEISS category of other public property) and (2) other (home, farm, apartment/condo, street/highway, industrial place, school, and sports/recreation place).
Statistical Analyses
Data were analyzed using SPSS version 19.0 (SPSS Inc, Chicago, IL) and SAS 9.3 (SAS Institute, Cary, NC) statistical software. Statistical weights provided by the CPSC were used to calculate national injury estimates. Data reported in this article are national estimates unless specified as actual unweighted cases. Unweighted numbers of cases less than 20 were excluded from analyses to prevent unstable estimates. Relationships were examined by using a chi-square test and calculating relative risk (RR) with a 95% confidence interval (CI). Trend analyses were performed using weighted linear regression with weights equal to the inverse of the variance of the estimated statistics. Findings were considered statistically significant at an alpha of .05. July 1 intercensal and postcensal data obtained from the US Bureau of the Census for 1990 through 2011 were used to calculate populationbased shopping-cart-related injury rates. [18] [19] [20] 
Ethical Considerations
This study was approved by the Institutional Review Board of the authors' institution.
Results
General Characteristics of Injured Children
An estimated 530 494 (95% CI: 447 775-613 214) children younger than 15 years were treated in US hospital EDs from 1990 to 2011 for shopping-cart-related injuries, averaging 24 113 (95% CI: 20 353-27 873) patients annually, which equals 66 children per day or 1 child every 22 minutes. The average annual rate of injury was 4.07 (95% CI: 3.44-4.70) injuries per 10 000 children during the study period ( Figure 1 ). Males had an average annual injury rate of 4.33 (95% CI: 3.69-4.96) injuries per 10 000 children, and females had a rate of 3.80 (95% CI: 3.18-4.42) injuries per 10 000 children. Patients ages 0 to 4 years had an average annual injury rate of 10.38 (95% CI: 8.71-12.05) injuries per 10 000 children, compared with 0.94 (95% CI: 0.80-1.08) for patients ages 5 to 14 years. Falls from a shopping cart accounted for the majority of injuries, with an average annual fall-related injury rate of 2.86 (95% CI: 2.39-3.33) per 10 000 children. The average annual injury rate from falls out of shopping carts per 10 000 children was more than 25 times higher among patients ages 0 to 4 years (8.02, 95% CI: 6.69-9.35 ) compared with patients ages 5 to 14 years (0.31, 95% CI: 0.25-0.36).
Children ages 0 to 4 years experienced 84.5% of shopping-cart-related injuries. The average patient age was 2.8 (95% CI: 2.7 -2.9) years with a median age of 2.0 years. Males experienced 54.4% of injuries; most (96.1%) injuries occurred at a store, and 3.1% of patients required admission to the hospital ( Table 1 ).
Mechanism of Injury
The predominant mechanism of injury was a fall out of the cart (70.4%), followed by running into/falling over the cart (7.9%), cart tip overs (6.2%), and entrapment of extremities in the cart (6.1%). Patients 0 to 4 years of age were 2.37 (95% CI: 2.18-2.58) times more likely to fall out of the cart compared with older children. Older patients (5-14 years) were 1.72 (95% CI: 1.44-2.05) times more likely to be involved in cart tip overs, 3.59 (95% CI: 2.93-4.40) times more likely to experience entrapment, and 3.19 (95% CI: 2.78-3.66) times more likely to run into/fall over carts compared with younger children. Children who fell out of a shopping were 1.93 (95% CI: 1.85-2.03) times more likely to suffer injuries to the head region compared with those injured by other mechanisms.
While there was no statistically significant change in the annual number (m = 21.8, P = .683) or rate (m = −0.02, P = .124) of shopping-cart-related injuries during the 22-year study period, the annual number of injuries attributable to falls out of a shopping cart among children younger than 15 years increased significantly (m = 162.2, P = .001) by 57.6% from 12 314 (95% CI: 8032-16 596) in 1990 to 19 405 (95% CI: 13 858-24 953) in 2011. Most of this increase was associated with children ages 0 to 4 years, who experienced a 56.8% increase (m = 163.2, P < .001) in the annual number of injuries associated with falls out of a shopping cart ( Figure 2 ). There was no significant increase (m = 0.015, P = .053) in the rate of injuries attributable to falls out of a shopping cart.
Body Region Injured
The head was the most frequent (78.1%) body region injured, followed by the upper extremities (13.8%) and lower extremities (6.0%; Table 1 ). The majority (90.7%) of head injuries occurred to children 0 to 4 years of age, and these injuries were most often diagnosed as soft tissue injuries (40.2%). The majority (78.5%) of admitted patients sustained an injury to the head region. Patients 
Injury Diagnosis
The most common type of injury was a soft tissue injury (41.2%), followed by concussion/CHI (29.8%) and laceration (17.4%). Patients ages 0 to 4 years were 2.97 (95% CI: 2.55-3.48) times more likely to be diagnosed with concussions/CHIs than patients ages 5 to 14 years. Patients who fell out of a cart were 4.32 (95% CI: 3.74-5.00) times more likely to be diagnosed with a concussion/CHI than patients injured by other mechanisms. Among children younger than 15 years of age, the annual number of concussions/CHIs significantly (m = 283.7, P < .001) increased by 254.1% from 3483 (95% CI: 1979-4988) in 1990 to 12 333 (95% CI: 8332-16 334) in 2011 and the annual rate per 10 000 children increased significantly (m = 0.043, P < .001) by 215.6% from 0.64 (95% CI: 0.37-0.92) in 1990 to 2.02 (95% CI: 1.36-2.67) in 2011 ( Figure 3 ). Most of this increase was associated with patients ages 0 to 4 years, who experienced a significant (m = 270.7, P < .001) increase of 266.9% in the annual number of concussions/CHIs and a significant (m = 0.132, P < .001) increase of 243.1% in the annual rate of concussions/CHIs per 10 000 children. Among children younger than 15 years of age, the observed increase was even more rapid from 2004 to 2011, when the annual number of concussions/CHIs increased significantly (m = 833.6, P < .001) by 89.6% and the annual rate per 10 000 children increased significantly (m = .134, P < .001) by 87.2% (Figure 3 ).
Discussion
Findings of this study agree with those from previous studies on shopping-cart-related injuries among children. Like previous research, this study demonstrated that injury rates are highest among children 0 to 4 years, 21 males account for slightly more than half of all injuries, 4, 6, 7 most injuries occur to the head region, 4,6,7 most patients are released from the ED, 4,6 and the predominant mechanism of injury is a fall from the shopping cart. 4, 6 Children ages 0 to 4 years are the population at the highest risk for a shopping-cart-related injury and the priority population for injury prevention efforts. They sustain 84.5% of all shopping-cart-related injuries, 90.7% of all injuries to the head region, and falls from a cart at a rate of more than 25 times that of older children. The predominance of head injuries among young children is influenced by their higher center of gravity, which causes them to lead with their head when they fall, and their relative lack of strength and coordination, which prevents them from effectively breaking a fall with their arms. The height of a shopping cart and the hard surfaces typically found in stores increase the risk of injury. Resulting traumatic brain injury (TBI) may cause longterm effects. 22 Children younger than 10 years, who experience TBI severe enough to warrant temporary hospitalization, are likely to demonstrate sequelae, such as hyperactivity, inattention, and conduct disordered behavior at 10-13 years of age, especially if the injury occurs before age 5 years. 23 Reasons for the observed increase in concussions/CHIs during the study period could not be determined, and may be attributable to increased exposure of children to shopping carts or an increased risk of injury associated with shopping carts. In addition, the increased awareness of pediatric concussions, especially sports-related concussions, during recent years may have influenced the emergency careseeking behavior for head injuries of child caregivers. Emergency medicine physicians also may be making this diagnosis with increasing frequency.
There are a number of design changes that would prevent tip overs and falls from a shopping cart. Some carts have a narrow wheel base, which could be widened to decrease the likelihood of a tip over. A factor in rearward tip overs is the placement of the cart handle and child seating area in relation to the rear cart axle. 13 The horizontal distance rearward from a cart's rear axle to a vertical line dropped from the cart handle varies substantially among different cart designs. The greater this horizontal distance, the more likely that downward pressure on the handle will cause a cart to tip over backward. A force of only 16 pounds applied vertically downward is sufficient to tip over some carts. 24 Cart tip overs can occur when a caregiver leans on the cart handle, or a sibling pulls down on the handle, especially if the child seating area is located further back and a child in that seating area is leaning toward the back of the cart. 13 Some carts have a child seating area that places the child or children in a cart attachment near to the floor in front of the cart. 25, 26 This is a safer cart design, because it reduces the potential for tip overs by lowering the cart's center of gravity and makes a fall-related injury unlikely because the child seat is only inches above the ground. 13 A number of studies have examined behavioral interventions to prevent shopping-cart-related injuries among children. 11, [27] [28] [29] [30] Interventions include teaching parents how to discipline children while shopping, 27 store-wide broadcasts encouraging cart safety belt use, 28 verbal prompts to increase belt use, 11 and store greeter-based interventions encouraging belt use. 30 While these interventions have demonstrated some success, their focus on belt use does not address cart instability and tip overs, the third most common mechanism of injury in this study and the second most common injury mechanism in previous investigations. 4, 31 In addition, the weak seat belt performance language in the current US voluntary shopping cart safety standard 32 potentially limits the effectiveness of belts in providing protection against falls.
The CPSC denied petitions addressing shopping cart safety in 1975, 33 automatic child restraints in carts in 1994, 34 and shopping cart stability in 1998. 24 In 2004, ASTM International published the Standard Consumer Safety Performance Specification for Shopping Carts (F2372-04). 35 However, unlike the existing European shopping cart standard that is active in 19 countries (European Standard EN 1929-1:1998), 36 the ASTM standard has an inadequate performance standard for restraint systems and does not address cart stability at all. The ASTM update of this standard (F2372-11a) 30 in 2011 did not improve these areas of concern. In 2012, the CPSC released a safety alert highlighting head injury among young children falling out of carts. 37 While the release contains injury prevention recommendations, such as belt use, parental supervision, and riding in the cart seat instead of the basket, the CPSC has yet to focus on the issue of shopping cart stability. Section 7.4.1 of ASTM F2372 states that "buckles or closures shall be tested in parallel with 16 CFR 1700." 32 The language at 16 CFR 1700 describes the testing procedure for poison prevention packaging, 38 which is not entirely consistent with the testing needs of shopping cart buckles or closures. 13 The language should be changed to specifically apply to shopping carts for testing to be uniform and enforceable. Also, section 7.4.1 indicates only limited testing of buckles/closures, which does not account for children who may extricate themselves from a shopping cart restraint without defeating the buckle.
An estimate of the lifespan of a shopping cart is 2 to 8 years; 39 therefore, sufficient time has passed to witness a change in shopping-cart-related injuries among children attributable to the US shopping cart safety standard implement in 2004. The overall number and rate of shopping-cart-related injuries did not change significantly during the study period; however, the number and rate of concussions/CHIs did increase significantly. Therefore, these findings underscore the inadequacy of the current ASTM voluntary standard.
This study has several limitations. It underestimates the actual number of shopping-cart-related injuries among children, because the NEISS only includes injuries treated in EDs. Other injuries may be treated in urgent care centers, other medical facilities, or receive no medical attention. The NEISS also does not adequately capture fatalities, because not all fatalities are transported to the ED and the ED medical record does not identify children who are admitted to the hospital and later die. Therefore, estimates from the NEISS are conservative and may not represent the entire spectrum of shopping-cart-related injuries. The amount of exposure to shopping carts among children is unknown; however, the use of census data is an acceptable method for calculating population-based injury rates. Another study limitation is the incomplete detail contained in NEISS case narratives. Although the investigators attempted to extract additional information from the NEISS narratives about the child's position in or on the cart, use of child safety restraints, involvement of another child, and the surface on which the child fell, documentation of this information was insufficient to allow evaluation of these factors.
Conclusions
Shopping-cart-related injuries are an important source of injury to children, especially children 0 to 4 years of age. Although a shopping cart safety standard was implemented in the US in 2004, the overall number and rate of injuries associated with shopping carts has not decreased. In fact, the number and rate of concussions/ CHIs have continued to climb. Increased prevention efforts are needed to address these injuries among children, including public education, store-based behavioral interventions, shopping cart design changes, and strengthening of the national shopping cart safety standard to more adequately address the mechanisms of shopping-cart-related injury among children.
